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ABSTRACT 
This project is to develop a suitable ultrasonic tomography system that can 
identify water and solid flow regime. This project presents the application of the 
ultrasonic tomography in the process and chemical industries. The transmission mode 
with fan shaped beam projection had been implemented. The system is designing non-
invasively that mean the composition in the system can be monitored without 
disturbing the nature of process in the pipe. The transmission mode for sensing 
purpose was implemented by using 4 sensors for transmitters and 4 sensors for 
receivers where 4x4 projections were produced. This project is divided into two parts 
which are hardware and software. The hardware part for electronic measurement 
circuit and fabrication of ultrasonic sensor. For software part is coding to 
micrcontroller and circuit design. The experiments had been conducted show that the 
suitable ultrasonic tomography system can identify water and solid flow regime.
ABSTRAK 
Projek mi ada1h untuk membuat sistem tomografi ultrasonik yang boleh 
mengenalpasti aliran cecair dan pepejal. Projek mi menbentangkan applikasi 
ultrasonik tomografi di dalam industri kimia dan proses. Kaedah pancaran dalam 
bentuk sinaran kipas secara balikan telah dilaksanakan dalam projek mi. Sistem mi 
direka tidak melibatkan sentuhan atau dengan erti kata lain makiumat mengenai 
komposisi di dalam sistem boleh didapati tanpa menggangu proses semula jadi 
ketika ujian sedañg dijâlankan. 4 biji pemancar dan 4 biji penerima yang bertujuan 
untuk menghasilkan 4 x 4 pancaran juga telah digunakan. Projek mi terbahagi 
kepada dua bahagian iaitu perkakasan dan perisian. Bahagian perkakasan bagi litar 
pengukuran elektronik clan fabrikasi pengesan ultrasonik. Bagi bahagian perisian 
adalah kod untuk kawalan mikrokontroller clan reka bentuk litar. Eksperimen telah 
dijalankan menunjukkan bahawa sistem tomografi ultrasonik yang sesuai boleh 
digunakan untuk mengenal pasti aliran pepejal clan cecair.
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1.1 Problem Statement 
The purpose of this project is to develop a suitable ultrasonic tomography 
system that can identify water and solid flow regime. In the process and chemical 
industries, process to flow product in the pipe consists of multiphase flow likes liquid 
and solid. Sometimes, there has an error in the process because of impurities and 
other things was no need flow in the pipe, then flow process is not smooth. To solve 
the problem, process must be shutdown to maintenance it and it is take a long time 
and high cost. Tomography is the most beneficial technology to solve this problem 
because installation of ultrasonic tomography system will not disturb the process 
being examined or it called non invasive technique. 
The transmission mode for sensing purpose was implemented by using four 
ultrasonic sensors as a transmitter and four ultrasonic sensors as a receiver where 4x4 
projections was produced. This project is divided into two parts which are hardware 
and sofware. The data from hardware was transfer to osciloscope to be analyzed.
1 
2 
1.2	 Objective of Project 
The objective of this project is 
1)
	
	 To develope a suitable ultrasonic tomography system that can identify 
water and solid flow regime. 
1.3	 Scopes of Project 
The scopes of this project are: 
i. To develop a simple ultrasonic tomography system. 
ii. To implement an electronic measurement system for ultrasonic 
tomography system. 
iii. To implement microcontroller unit for controlling ultrasonic projection 
and sample and hold. 
1.4	 Organizing of thesis 
The thesis consist of six chapters. In chapter 1, the discussion was more on 
the problem statement; objective of the project and scope of the project. 
Chapter 2 present the literature review of tomgraphy. This chapter discuss 
about basic concept of tomography, types of tomography, and recent work related to 
ultrasonic tomography. 
Chapter 3 present about ultrasonic tomography which is discuss about 
introduction of ultrasonic, principle of ultrasound, propagation of 
ultrasound,wavelength and frequency of ultrasound, acoustic impedance, sensing 
mode of ultrasonic and advantage of ultrasonic wave.
3 
Chapter 4 is describing about methodology of this project. Explanation about 
hadware and software part this project were presented. 
Chapter 5 present the results obtained from the test profile and experiment. 
The discussion based on the result obtained were explained detail. 
For last chapter, chapter 7 was discussing the conclusion and 
recommendation for the future work that can be done for the future work.
CHAPTER 2 
LITERATURE REVIEW 
2.1	 Basic concept of tomography 
Process Tomography is a process of obtaining the plane-section images of a 
Three dimensional object. Process Tomography techniques produce cross-section 
images of the distribution of flow components in a pipeline and it offers great 
potential for the development and verification of flow models and also for process 
diagnostic (Brown et al., 1996). 
Tomography is a radiographic technique that select a level in the body and 
blur out structures below and above plane leaving a clear image of this selected 
anatomy. The simple concept is tomography record cross sectional image of selected 
layer. 
2.2 Types of Tomography 
There are several types process tomography such as electrical capacitance 




2.2.1 Electrical Capacitance Tomography (ECT) 
Capacitance sensors are now widely used for industrial two-component flow 
measurement. The basic technique of ECT can be described by considering a parallel 
plate capacitor. Electrical capacitance tomography (ECT) is a method for 
determination of the dielectric permittivity distribution in the interior of an object 
from external capacitance measurements. It is a close relative of electrical impedance 
tomography and it is proposed as a method for industrial process monitoring, 
although it has yet to see widespread use. The capacitance between these plates is 
dependent upon the dielectric permittivity, the area of the plates and the distance 
between those plates (Xie et al-, 1992). 
2.2.2 Electrical Impedance Tomography (EIT) 
EIT is the most sophisticated impedance sensing system used on electrically 
conducting materials. Electrical impedance tomography (EIT) is a medical imaging 
technique in which an image of the conductivity or permittivity of part of the body is 
inferred from surface electrical measurements. EIT were originally developed for 
clinical application (Davidson et. al., 2004). Electrodes are placed equidistantly into 
the vessel wall at fixed location. In such way, they make electrical contact with the 
fluid inside the vessel but do not affect the normal mass transfer within the process. 
Based on the obtained measurement, the image reconstruction that changes with time 
can be performed. This technique is being applied to industrial process environment 
where the process uses conducting fluidto carry immiscible fluids and solids, which 
contain different bulk conductivity.
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2.2.3 Ultrasonic Tomography 
Ultrasonic sensors have been successfully applied in flow measurement 
nondestructive testing and it is widely used in medical imaging (Hoyle and Xu, 
1995). The method involves in using ultrasonic is through transmitting and receiving 
sensors that are axially spaced along the flow stream. Ultrasonic sensor propagates 
acoustic waves within range of 18 kHz to 20 MHz. There are two types of ultrasonic 
signals that are usually used. They are the continuous signal and the pulsed signal 
(Hoyle, 1996). The - pulsed system will be used to avoid the standing wave patterns 
that can exist within the pipes. The potential benefits are, it is possible to gain an 
insight into the actual, secondly since ultrasonic tomography is capable on-line 
monitoring, it is opportunity to develop closed loop control systems and finally it can 
be non-invasive and possibly non-intrusive system. 
2.3 Recent Work Related to Ultrasonic Tomography 
Nowadays, research about ultrasonic tomography is increasing time by time. 
There are recent work related to the ultrasonic tomography had been published. 
Zhong Xi Fu, Wu Xi Xiang, Li et.al (2005), presents about specification, 
measurement principle and application of Ultrasonic Tomography Tool (UTT). UUT 
is a device that widely used in the oil industry and can be used to inspect corrosion, 
casing wall damage, casing break off, and casing distortion in the well borehole with 
the maximum environment temperature being 125 °C and the pressure being 60 Mpa. 
UUT can be used to solve that problem. There are application of UUT are for 
calibration test, to check damage and caving in the casing wall, to check break off in 
the casing wall, to check bend distortion of the casing and inspection the quantity of 
perforation.
7 
Mohd Hafiz, Ruzairi, et.al
 (2006) present about the development of non-
invasive ultrasonic tomography for imaging liquid and gas flow. The transmission-
mode approach has been used for sensing the liquid or gas two phase flow. 16-pair of 
ultrasonic sensors have been used which are 16 transmitter and 16 transceiver. By 
using low excitation voltage 20 V, fan shape beam transmitter will emit ultrasonic 
pulse to receiver. The algorithm used to reconstruct the concentration profile for two 
phase flow using a fan shaped beam scanning geometry. Hybrid-binary 
reconstruction algorithm was used to develop a real time ultrasonic transmission 
mode tomography. They also shows the comparison between hybrid-binary 
reconstruction (HBR) algorithm and linear back projection (LBP) algorithm. The 
advantage using HBR algorithm is HBR algorithm improving stability and 
repeatability of reconstruction image, eliminate unused sensitivity and create a binary 
picture.
Ruzairi, Ng Wei Nyap And Mohd Hafiz (2007) present about the hardware 
development of ultrasonic tomography system used for monitoring the composition 
of water and oil flow. The ultrasonic tomography system consist of the sensor fixture 
design, signal conditional circuit and image reconstruction software. The design of 
the transmitter circuit is to transmit the ultrasonic waves while the design of the 
receiver circuits are to measure the delay propagation time of receiver circuits. 
Measurements from the receiver circuit are captured into the computer by using the 
DAS card. The image reconstruction algorithm got by using linear back projection 
algorithm. 
Nor Muzakir, Mohd Hafiz et.al (2010) present a developement of an 
ultrasonic transmission mode tomography system for the detection small gas bubble 
using higher frequency ultrasonic sensor. Developement of ultrasonic tomography 
system use 16 pair of ultrasonic sensor and fixed inside a sensor jig which is 
designed to hold all the sensors. From their result, the higher frequency of the 
ultrasonic transducer, the better sensitivity but lower penetration depth. By using 
ultrasonic sensors with center frequency of 333 kHz, it can detect small test tube and 




3.1	 Introduction of Ultrasonic 
Ultrasonic waves are high ("ultra") frequency sound ("sonic") waves: they 
vibrate at a frequency above 20 kHz which are too fast to be audible to humans 
(shull, 2002). Ultrasonic devices are used in many fields of measurement, 
particularly for measuring fluid flow rates, liquid levels and translational 
displacements. Ultrasonic is the name given to the study and application of 
ultrasound, which is sound of pitch too high to be detected by the human ear, 
especially of frequencies greater than 20 kHz. Naturally, ultrasound occurs in the 
surroundings where animals such as bats, dOlphins and whales are the best-known 
practitioners of ultrasound. 
	
3.2	 Principle of Ultrasound 
There are four basic principle that are used in this project which are 
propagation, wavelength and frequency of ultrasound, acoustic impedance and 
attenuation of the ultrasound.
8 
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3•3 Propagation of Ultrasound 
Ultrasonic testing is based on vibrations in materials, which is generally 
referred to as acoustics. All material substances are comprised of atoms, which may 
be forced into vibrational motion about their equilibrium positions. Acoustics is 
focused on particles that contain many atoms that move in unison to produce a 
mechanical wave. In solids, sound waves can propagate in four principle modes that 
are based on how the particles oscillate. Sound can propagate as longitudinal waves, 
shear waves, surface waves, and in thin materials as a plate waves. Longitudinal and 
shear waves are the two modes of propagation most widely used in ultrasonic testing. 
The particle movement responsible for the propagation of longitudinal and shear 
waves is illustrated in figure 3.1. In longitudinal waves, the oscillations occur in the 
longitudinal direction or the direction of wave propagation. In the transverse or shear 
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Figure 3.1 : Direction of wave propagation for Longitudinal wave and Transerve
wave.
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34 Wavelength and Frequency of Ultrasound 
Ultrasound travels in the form of a wave, similar to the way light travels. 
However, unlike light waves, which can travel in vacuum, ultrasound requires elastic 
medium such as solid and liquid to travel. The wavelength, 2 is the length of a 
complete cycle for the ultrasound while the period, T is the time taken to complete a 
full cycle of the ultrasound and measured in seconds (Blitz, 1971). The number of 
cycles completed in one second is called frequency,f and is measured in Hertz (Hz). 
The relationship between period, T and frequency,f of a continuous wave of 
ultrasound as shown as follow:
(equation 3.1) 
The wavelength is directly proportional to the velocity,c of the wave and 
inversly proportional to the frequency of the wave. The relationship is shown as 
follow:
	
C = fA	 (equation 3.2) 
3.5 Acoustic Impedence 
Acoustic impedence is' a term that used to described the interaciion Of 
Ultrasound with material (Ruzairi 2007). The equatiOn for acoutic impedancè,z is 
equal to product of density, p and speed of s&tnd,c. The equation given as follow: 
	
Z = pc
	 (equation 3.3) 
The importance to know the acoustic impedance is as follows: 
(i) The determination value of acoustic transmission and reflection at the 
boundary of two materials that have different acoustic impedance. 
(ii) The design of ultrasonic transducers., 
(iii) The absorption assessment of sound in a medium
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If the difference in impedance at the interface is greater, the amount of energy 
reflected will also be greater. The reflection and transmission coefficient (Ruzairi, 
2008) as given as follows: 
Reflection coefficient, R =	 I 2-11 (equation 3.4) Pe	 Z2+Zli
Pt Transmission coefficient, 7' = R =	
= 1 
[_2z2 1	 (equation 3.5) 
Pe	 z2-z11 
In this project, a related impedance of materials had been chosen. Table 3.1 
shows the acoustic impedance of materials: 




Experimental column PVC pipe 3.27 x 106 
Liquid Water 1.5 x 106 
Solid Steel 45.8 x 106 
Solid - Ceramics/porcelain 13.4 x 106
It is very important to know the ultrasonic propagation in all material. 
Instead, the reflection and transmission of the u1tráonic propagation- between two 
materials can been known. By presumptuous the ultrasonic energy losses between 
transducer coupling! PVC pipes are zero, the investigations of ultrasonic wave 
propagation for such array are dsribedas- follow: 
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i. Ultrasonic wave propagation from pvc pipe into liquid media 
Given that the acoustic impedance of PVC pipe is Z 1 = 3.27 x 
106 kg/m2 and for water is Z 2 = 1.5 x 106 kg/rn2 . By using equation 
3.4 and 3.5 the calculation of R and T shown as below: 
[1.5 x 10 6 - 3.27 x 1061 
R(pVC/water) = [ is x 10 6
 + 
3.27 x 1061 = —0.3711 : —37.11% 
F	 2x1.5x106	 1 
T(pVC/water) 
= E1.5 x 10 + 3.27 x 106] = 0.6289	 62.89% 
The negative sign indicates the reversal of the phase relative to the 
indicate wave. 
ii. Ultrasonic wave propagation from liquid into solid media 
a) Acoustic impedance of water is Z 1 = 1.5 x 106 kg/M2 and steel is 
Z2
 = 45.8 x 10 6 kg/M2. Thus the value of R and T are: 
45.8 x 106 - 1.5 x 1061 
R(water /copper) = [45.8 X 106 + 1.5>< 106J = 0.9365	 93.65% 
Twater /copper) = 100% - 93.65% = 6.35% 
It shows that almost more than 90% ultrasonic wave will be reflected 
when it propogate from liquid to solid media.
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b) Acoustic impedance of water is Z 1 = 1.5 x 106
 kg/M2 and ceramics is 
= 13.4 x 106 kg/rn2 . Thus the value of R and T are: 
[13.4 x 106 - 1.5 x 1061 
R(water /cerami Cs) 
= [134 X 106 + 1.5 X 106] = 0.7987	 79.87% 
T(water /copper) = 100% - 79.87% = 20.13% 
It shows that almost more than 70% ultrasonic wave will be reflected 
when it propogate from liquid to solid media. 
3.6 Sensing mode of Ultrasonic 
In ultrasonic tomography, it is require an ultrasonic generator, transducers to 
transmit and receive ultrasonic waves and a computerized imaging processing 
system. They are three sensing modes of ultrasonic: 
1. Transmission mode. 
2. Reflection mode. 
3. Diffraction sensing mode. 
In the transmission mode, this approach is assumes straight ray propagation. 
The projections are collected using separate sending and receiving transducers. There 
are several interaction are possible. Each projection may comprise the amplitude, 
phase or time of flight of the signal received. 
For reflection sensing mode, it is also assumes straight line projeètion like the 
first mode. The ultrasound waves are transmitted into the object and reflected due to 
Inhomogenejty of the acoustic properties in the medium. The reflected wave can 
measure and used for image reconstruction. In this mode, each projection contains 
spatial position information as well as amplitude information, so the reconstruction 
algorithm may be slightly different than that of the transmission mode.
